We report a case of a 38-year-old mold-allergic patient who developed episodes of generalized urticaria and systemic anaphylactic shock immediately after ingesting button mushrooms. A manganese-dependent superoxide dismutase (MnSOD) and a NADP-dependent mannitol dehydrogenase (MtDH) from Agaricus bisporus mushroom were identified as patient-specific IgE-binding proteins. Cross-reactivity between A. bisporus MnSOD and mold aeroallergens was confirmed. We conclude that prior sensitization to mold aeroallergens might explain severe food reactions to cross-reacting homologs mushroom proteins.
Introduction
Fungi are recognized as one of the principal causes of type I allergies, which lead to severe respiratory and cutaneous allergic diseases [1, 2] . Exposure to fungal allergens can occur by inhalation of mold spores, skin contact with saprophytic species or ingestion of edible mushrooms [3] . The most important known allergenic fungi are molds belonging to the genera Alternaria, Aspergillus and Cladosporium [4] . An association between sensitization to airborne molds and systemic reactions caused by ingestion of mushrooms have been suggested but not extensively investigated [5, 6] . Among edible mushroom species, Agaricus bisporus is the most extensively cultivated and consumed throughout the world [7] .
Here, we describe a case of a woman with bronchial asthma who experienced episodes of urticaria and anaphylaxis after ingesting a button mushroom. The allergens implicated were identified using the patient's serum.
Case
A 38-year-old woman was referred because she developed generalized urticaria immediately after ingesting chicken with mushrooms. One month later and a few minutes after the intake of fried champignon mushrooms, she suffered an episode of anaphylaxis, which needed treatment in the Emergency Department.
She had a previous history of perennial childhood asthma treated with immunotherapy to Alternaria alternata. Seven years before food allergy reaction to mushroom, this patient revealed positive skin prick tests (SPT) to Alternaria, Penicillium, Aspergillus, dog, mites and grass pollen. Specific IgE tests were positive for Aspergillus (RAST class 3), Penicillium (RAST class 3) and mites (RAST class 2). During recent years, she has been stable without asthma exacerbations, and only minimal medication with antiasthmatic drugs has been necessary.
Currently, she related oral itching after the ingestion of several fruits belonging to the family Rosaceae, and she was tolerant of banana and tropical fruits (pineapple or mango).
Serum from the patient was obtained with a written consent agreeing to participate in the study.
After the anaphylactic episode, SPT to commercially available common inhalants (ALK-Abello SA, Madrid, Spain) were positive for airborne molds (A. alternata, Cladosporium herbarum, Penicillium notatum and Aspergillus fumigatus) but negative for other common inhalants, including mite, dander and pollens. SPT using extracts of Pleurotus ostreatus, Lentinus edodes, Boletus edulis and A. bisporus (Fig. 1) . Both protein spots were excised and identified by liquid chromatography coupled to mass spectrometry as a manganesedependent superoxide dismutase (MnSOD) and NADP-dependent mannitol dehydrogenase (MtDH) with significantly high scores (Fig. 1C) .
BLAST alignment between MnSOD and MtDH protein sequences from A. bisporus (GenBank accession nos. Q9P4T6 and AAC79985, respectively) and fungal aeroallergen homologs revealed significant homologies (Table 1) .
ImmunoCap-inhibition results demonstrated that the A. bisporus crude extract was able to strongly inhibit IgE-binding to rAsp f 6 (68%) but not to rPru p 3 ( Table 2 ).
Discussion
Strong allergic reactions to mushrooms have been increasingly recognized [8] [9] [10] , and there are few studies reporting an association between aeroallergens and mushroom ingestion-related symptoms. In this regard, Herrera et al. in some of their works found a relationship between allergenicity to airborne molds (A. alternata, C. herbarum and A. fumigatus) and food allergies to A. bisporus mushrooms and spinach, demonstrating the existence of some non-identified cross-reacting proteins [6] [7] [8] [9] [10] [11] . Another study attributed one form of oral allergy syndrome in adults to heat labile mushroom proteins of 43-67 kDa in size that also seem cross-react to molds [5] . In fact, knowledge of allergenic proteins that cause recognized clinically relevant cross-reactions between molds and food is still limited, and research in this field is needed to identify the causative allergens and to understand the immunological events that take place.
In this work, we describe a case of a patient with a previous clinical history of respiratory symptoms associated with mold aeroallergens and treated by immunotherapy with A. alternata extract. Years later, this patient suffered anaphylactic shock after intake of mushrooms. IgE-mediated sensitization to A. alternata, C. herbarum, P. notatum, A. fumigatus, A. bisporus, P. ostreatus, and L. edodes was confirmed, and circulating IgE levels reactive to Alt a 1, Asp f 3, Asp f 6 and Pru p 3 were detected. Moreover, two IgEbinding components from A. bisporus were identified as a MnSOD and a MtDH. To date, six MnSODs have been identified and officially recognized as allergens in A. alternata, A. fumigatus, Hevea brasiliensis, Olea europaea, Malassezia sympodialis and Pistacia vera, whereas only two MtDH from A. alternata and C. herbarum are listed in the WHO/IUIS allergen database (www.allergen.org). Although both families of proteins are described as important crossreactive allergens [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , cross-reactivity between MnSODs from different sources has been more intensively studied and reported [13] [14] [15] .
Looking at the specific IgE levels, skin prick test results, and the course of development of allergic symptoms in this patient, it is assumed that her mushroom-related symptoms could be due to cross-reactive IgE initially raised against airborne mold homolog allergens. However, because this patient also reported symptoms to several fruits belonging to Rosaceae, probably because of crossreactive non-specific lipid transfer protein (LTP)-specific IgE antibodies, a relationship between LTP sensitization and allergy to mushrooms was also not excluded. With this in mind, to determine whether immunologic phenomenon that originated in systemic reactions upon ingestion of A. bisporus were due to the presence of cross-reacting antibodies to MnSODs or LTPs, IgE-inhibition assays using Asp f 6 and Pru p 3 in the solid-phase were performed. Blast alignment and inhibition assay results suggest that the A. bisporus MnSOD homolog has some common epitopes causing cross-reactivity between mushrooms and common airborne molds.
In conclusion, our findings suggest that at least the cross-reactive A. bisporus MnSOD may lead to severe food allergic reaction in mold-sensitized patients, justifying the well-recognized relationship between sensitization to airborne molds and allergy to mushrooms ingestion. However, more in-depth knowledge of the role of MnSOD and MtDH as causal agents of severe food reactions is necessary to improve diagnosis and to allow effective avoidance and prevention of further systemic reactions.
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